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A B S T R A C T
The aim of the present study was to evaluate the association between type I diabetes mellitus (DM) and periodontal
disease in pregnant women. Fifty-two pregnant women aged 27.9±6.9 years with type I DM participated in the present
study. Forty-two non-pregnant type I female diabetics (mean age: 27.9±6.1 years) and 121 healthy non-pregnant women
(mean age: 29.1±5.7 years) without diabetes formed the control group. All subjects were given a clinical periodontal ex-
amination including probing pocket depth (PPD), probing attachment level (PAL), assessment of plaque and gingivitis
scores (SBI). Blood parameters included levels of hemoglobin, glycosylated hemoglobin, total cholesterol, triglyceride
and leukocytes. The pregnant diabetic subjects showed despite a good metabolic control significantly higher values for
the SBI compared to the controls. Pregnant diabetic subjects displayed a significant correlation between the dose of insu-
lin per day and PPD (p0.05) as well as the PAL (p0.05). In conclusion, the results of the study indicate that pregnant
diabetics demonstrate a higher degree of periodontal inflammation and destruction compared to non-pregnant diabetics
and healthy non-pregnant patients.
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Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder
with more than 100 million people affected worldwide1.
Uncontrolled or poorly controlled diabetes is associated
with a multitude of complications, including retinopathy,
nephropathy, neuropathy, macrovascular disease, impai-
red wound healing, delayed wound healing and increased
susceptibility to oral infections, including periodonti-
tis2–4. Numerous controlled studies have demonstrated
significant associations between diabetes and periodon-
tal disease, which is valid for both type I DM and type II
DM5–10. In an initial study by Cianciola et al. (1982)11, in-
vestigating the relationship between periodontal disease
and type I DM (formerly »insulin-dependent diabetes
mellitus«) in a population aged 4–33 years, the preva-
lence of periodontitis among diabetics 13 to 18 years old
was 13.6%. Individuals 19–32 years old had a prevalence
of 39% as compared to 2.5% in the non-diabetic controls.
In addition, the authors found a correlation between the
duration of diabetes and the severity of periodontal dis-
ease. Already in young diabetics the prevalence of perio-
dontal disease is higher than in non-diabetic children of
the same age9,12. The glycemic status of these young dia-
betics affects the periodontal probing depths, salivary
pH, buffering capacity and peroxidase activity13. In an
epidemiologic study among 1.342 Pima Indians subjects
with type II DM (»formerly non insulin dependent diabe-
tes«) were 2.8 times more likely to have periodontal dis-
ease as defined by clinical attachment loss compared to
non-diabetic individuals, and 3.4 times more as defined
by radiographic bone loss14. The increased risk of devel-
oping periodontal disease in this population could not be
explained on the basis of age, gender or oral hygiene.
The incidence of periodontitis increases among dia-
betics as the population ages and is more frequent in in-
dividuals with more advanced systemic complications5.
However, the increased susceptibility does not correlate
with increased levels of plaque and calculus, and there
are no differences between diabetic and control patients
in prevalence and quantity of periodontal pathogens in
periodontal pockets15,16.
Pregnancy is associated with an increased inflamma-
tory response of the gingiva due to changes in hormone
levels (androgens, estrogens and progesterone) and should
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be considered as a modifying factor for the development
of gingival disease. The prevalence of pregnancy gingivi-
tis ranges from 35 to 100%, occurring first in the second
and third month of pregnancy17–19. Pregnant women of-
ten show hyperplastic changes of the marginal gingiva
with increases in parameters such as gingival probing
depths, bleeding on probing and crevicular fluid flow20–22.
Pregnant diabetics have to be considered as a high risk
group within pregnant patients due to a complex meta-
bolic disease combined with hormonal changes.
The aim of the present study was to compare the
periodontal status of pregnant type I diabetics with non-
pregnant female type I diabetics and a healthy control.
Materials and Methods
Fifty-two pregnant women with type I DM that were
being treated for diabetes at a General Hospital (Mu-
nich-Schwabing), Division of Diabetes, participated in
the present study. Individuals with a history of infectious
disease and patients subjected to immunosuppressive
therapy were omitted from the study. Patients taking
cyclosporin, calcium channel blockers or antibiotics
within the last six-months were also excluded from the
study. The mean age of the pregnant diabetics was 27.9±
6.9 years and the mean duration of gestation was 20±9.7
weeks, respectively. The mean time span since onset of
diabetes was 10.0 years. Forty-two non-pregnant female
type I diabetics (mean age: 27.9±6.1 years) and 121
healthy non-pregnant female patients (mean age: 29.1±
5.7 years) without diabetes formed the control group. A
written informed consent was obtained prior to the study
from the patients and control subjects. At the time of en-
rollment, the following parameters were assessed for
each patient: age, height, weight, duration of gestation,
blood pressure (hypertension was defined according to
WHO guidelines), type of diabetes (type I, type II) and di-
abetes therapy (insulin, oral agent, diet). Furthermore
the values for hemoglobin, glycosylated hemoglobin
(HbA1c), total cholesterol, triglyceride, leukocytes and
the albumin excretion rate were obtained from the pa-
tients’ medical history. A previously calibrated examiner
performed the periodontal examinations. All subjects re-
ceived a clinical dental examination to determine caries
frequency (DMF-T value), probing pocket depth (PPD),
probing attachment level (PAL), assessment of plaque
(approximal plaque index API, according to Lange et al.
1974)23 and gingivitis scores (sulcus bleeding index SBI,
according to Lange et al. 1977)24. The periodontal mea-
surements were recorded at 6 sites on each of the 6
Ramfjord teeth (16, 21, 24, 36, 41, 44) using a pressure
sensitive probe.
All statistical analyses were performed using SPSS
(11.0 for windows). For the clinical parameters DMF-T,
PPD, PAL, API and SBI data were expressed as mean
values ± standard deviation. For the comparison between
the groups the paired t-test was used. P-values <0.05
were considered as statistically significant.
Results
The results of the oral hygiene evaluation demon-
strated a significantly higher mean approximal plaque
index in pregnant diabetic subjects compared to the con-
trols: 82±13.4% versus 53±15.2% (p0.001). However, no
significant differences in approximal plaque index were
observed between pregnant diabetics and non-pregnant
diabetics (Figure 1). No significant differences between
the three groups were shown regarding the frequency of
caries (DMF-T values). The mean DMF-T for the controls
was 16.4±4.4, for the non-pregnant diabetics 15.5±5.3,
and for the pregnant diabetics 16.9±4.7, moreover no sta-
tistical difference between the groups was observed in
terms of the number of missing teeth. Concerning perio-
dontal inflammation, statistically significant differences
were found between the three groups. The mean sulcus
bleeding index for the healthy control group was 43.8±
28.7% versus 48.1±29.2% in non-pregnant diabetics and
73.5±25.8% in pregnant diabetic subjects. The sulcus
bleeding index was found to be significantly higher (p
0.001) in pregnant diabetic subjects than in non-preg-
nant diabetics and the controls (Figure 2). Mean probing
depths for pregnant diabetics (4.1±0.9 mm) were signifi-
cantly (p0.001) greater compared to that of non-preg-
nant diabetics (3.2±0.9 mm) and healthy controls (2.9±
0.4 mm). In terms of clinical attachment loss no signifi-
cant differences were obtained for the three groups (pre-
gnant type I diabetics: 1.1±0.8 mm, non-pregnant type I
diabetics: 1.2±0.9 mm, healthy controls: 0.8±0.5 mm).
The pregnant diabetic subjects were all under medical
surveillance and demonstrated good metabolic control




























Fig. 1. Mean approximal plaque index (API) of the pregnant dia-


























Fig. 2. Mean sulcus bleeding index (SBI) of the pregnant diabet-
ics and control groups. DM – Diabetes mellitus.
(HbA1c<8%) for blood glucose and HbA1c. Mean HbA1c
values in pregnant diabetic subjects were noticeably low-
er than in non-pregnant diabetics. In metabolically well
controlled pregnant diabetics, no relationship was de-
tected between diabetic status and clinical periodontal
parameters. However, in poorly controlled diabetic sub-
jects (HbA1c>8%) a significant association between
HbA1c values and the sulcus bleeding index could be ob-
served. Table 1 displays further blood parameters for the
pregnant and non-pregnant type I diabetics. The mean
time since onset of the disease for the diabetic subjects
was not directly associated with the occurrence of perio-
dontal disease. In contrast to that the pregnant diabetic
subjects displayed a significant correlation between the
dose of insulin per day and probing pocket depth (p0.05)
as well as the loss of attachment (p0.05). The average
dosis of insulin per day was significantly lower (p0.05)
in diabetic subjects with mean probing pocket depths 3
mm (45.5 dose of insulin/day, Figure 3) compared to dia-
betics with mean probing pocket depths 3 mm (59.8
dose of insulin/day, Figure 4). For all other clinical diabe-
tes parameters no significant interaction with the perio-
dontal condition was found.
Discussion
In the present study pregnant diabetic subjects exhib-
ited significantly higher plaque scores compared to the
non-diabetic control group, which is in accordance to ob-
servations of Aren et al. (2003)13 and Campus et al.
(2005)8. This can be explained by the fact that in diabet-
ics excess glucose enters the oral cavity through saliva
and gingival crevicular fluid, which is responsible for a
polysaccharide formation and an enhanced plaque
growth13. Another related factor for higher plaque index
values in this group might be a lack of knowledge about
oral hygiene procedures in these patients. In terms of
caries frequency no significant differences were found
between pregnant diabetics, non-pregnant diabetics and
the healthy control group, although a low caries preva-
lence in children and adolescents with type I DM has
been reported due to a sucrose restricted diet25,26. In the
present study pregnant diabetics exhibited with a sulcus
bleeding index value of 73.5% greater gingival inflamma-
tion compared to non-diabetics and the healthy control
group despite a good metabolic control. In a longitudinal
study of 132 pregnant diabetic women under care Al-
brecht et al. (1987)27 revealed even a 96.2% prevalence of
gingivitis which was most pronounced between weeks 11
to 15 and 24 to 26 of pregnancy. Gislen et al. (1980)28
demonstrated that diabetic children with poor metabolic
control showed higher tendencies towards gingivitis than
non-diabetic children.
However, in the present study a significant correla-
tion between gingival inflammation and the severity of
diabetes was only found for the poorly controlled non-
pregnant diabetic subjects. This finding is consistent
with studies suggesting that poorly controlled diabetic
subjects experience more often periodontal disease over
the long term29,30. Furthermore a significant correlation
between severity of diabetes and attachment loss despite
a good metabolic control was only found in the pregnant
diabetics. A previous study by Safkan-Seppälä & Ainamo
(1992)31 has already shown that more attachment loss
and approximal bone loss can be found in poorly con-
trolled than in well controlled type I DM subjects, whe-
reas the influence of diabetes duration is still discussed
controversially32,33. A higher degree of gingival inflam-
mation and enhanced periodontal destruction manifes-
ted by greater attachment loss in pregnant diabetics
compared to non-diabetics was already reported by Guth-
miller et al. (2001)34. There are several autoimmune fac-
tors and mechanisms that may explain the increased se-
verity of periodontitis in diabetics compared to non-diabe-
tics. In numerous studies diminished polymorphnuclear
leukocyte (PMN) functions such as chemotaxis, adher-
ence and phagocytosis have been demonstrated35,36. Re-
duced PMN function in diabetics might lead to impaired
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TABLE 1
ANAMNESTIC AND MEDICAL PARAMETERS OF
NON-PREGNANT TYPE I DIABETICS (n=42) AND PREGNANT
TYPE I DIABETICS (n=52)
Type I DM Pregnant Type I DM
x ± x ±
Age (years) 27.5 9.3 27.9 4.3
Duration of diabetes
(years)
7.9 8.8 9.8 7.4
Dose of insulin/day 44.6 20.6 55.9 25
Hemoglobin – – 12.8 1.2
HbA1c (%) 9.8 2.6 7.8 1.5
Glucose (mg/dL) 226.4 66.3 160 80.5
Creatinine (mg/dL) 1.2 1.3 0.8 0.8




































Probing depth < 3 mm
Fig. 3. Association between insulin doses per day and sites with

























































Fig. 4. Association between insulin doses per day and sites with
probing pocket depth >3 mm.
host resistance and progression of infection37. Diabetic
patients with periodontitis exhibit significantly higher
levels of PGE2, IL-1b and TNF-a in crevicular fluid com-
pared to non-diabetic controls, which might explain why
diabetic subjects compared to non-diabetics react with a
higher degree of inflammation to an equivalent bacterial
load38. Other factors for the increased risk for infections
in diabetics are vascular changes in the form of thick-
ened basement membranes and changes in the physical
properties of the gingival capillaries39,40.
Diabetes in pregnant women is associated with an in-
creased risk for maternal and neonatal morbidity. As the
diabetic control can be complicated by periodontitis and
hormonal changes lead to an exacerbation of periodontal
inflammation this has an important influence on mater-
nal and fetal outcomes41. In the present study a signifi-
cantly increased gingival inflammation and periodontal
destruction was found in pregnant type I diabetic sub-
jects despite a good metabolic control compared to non-
pregnant diabetics with poor metabolic control. Perio-
dontal therapy might influence the diabetic control and
thus maternal and fetal outcomes. The effect of perio-
dontal therapy prior to pregnancy should therefore be
examined in further studies.
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STATUS PARODONTNE BOLESTI U TRUDNICA SA DIABETES MELITUSOM
S A @ E T A K
Svrha ove studije bila je vrednovanje povezanosti izme|u tipa I diabetes melitusa (DM) i parodontne bolesti u trud-
nica. Pedeset dvije trudne `ene u dobi od 27,9±6,.9 godina sa DM tipa I sudjelovale su u ovoj studiji. ^etrdeset i dvije
`ene sa DM tipa I (prosje~na dob: 27,9±6,1 godina) i 121 zdrava `ena (prosje~na dob: 29,1±5,7 godina) bez dijabetesa
tvorile su kontrolnu grupu. Svi subjekti bili su obra|eni prema klini~kim parodontolo{kim parametrima uklju~uju}i
probnu dubinu d`epa, probnu razinu pri~vrstka, prisutnost plaka, vrijednosti gingivitisa. Krvni parametri uklju~ivali
su razinu hemoglobina, glikolizirani hemoglobin, ukupni kolesterol, trigliceride i leukocite. Trudni dijabeti~ki subjekti
pokazali su unato~ dobroj metaboli~koj kontroli statisti~ki zna~ajno ve}u vrijednost gingivitisa u usporedbi sa kontrol-
nom grupom. Trudni dijabeti~ki subjekti pokazali su statisti~ki zna~ajnu korelaciju izme|u doze inzulina na dan i
probne dubine d`epa (p0,05) kao i gubitka pri~vrstka (p0,05). Zaklju~no, rezultati ove studije pokazuju kod trudnica
sa dijabetesom ve}i stupanj parodontne upale i destrukcije u usporedbi sa diabeti~arkama ne trudnicama i zdravim
pacijenticama.
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